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ABSTRACT 


An attempt has been made to design a digital 10 tester 

based on the theory of signature testing The signature chosen 

is the number of ones m the output sequence of the IC under 

test m response to an input test pattern Two kinds of 

oatterns are generated ( 1 ) Binary -Weighted Repetition Sequences, 

■where the possible 2 n input combinations of n input variables 

*fe 

are applied according to a pattern with the (k+1 ) input com- 

lc n 

bin at ion repeated 2 times (k = 0,1, , 2 ), (n) Pseudo 

Random Binary Sequences, where all possible input combinations 
are applied m a pseudo-random fashion 

It has been shown that the Bin ary -Weight cd Repetition 
Sequences, as an input test pattern, would test the logic of 
circuits satisfactorily and would detect a large number of 
faults Pseudo random binary sequences are used for high- 
frequency testing. 

Test procedure consists of feeding the information about 
various pins of the IC under test, m the form of certain code 
and comparing the output signature with its predetermined value 
ICs can be tested at various frequencies (0.5 MHz to 10 MHz) 
for specified noise margin and propagation delays, under 
programmable load conditions, with worst-case input voltage 
levels. 
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INTRODUCTION 

Design, of complex digital systems has been rendered quite 
simple with the advent of compatible logic families like TTD 
and CMOS. As all system designs are based on the logic and the 
worst-case specifications of the 10 (Integrated Circuit) chips 
employed, it is a matter of great interest to test the logic of 
these ICs under worst -case conditions 

Three types of testing, d-c (for functional specifications), 
a-c (for parametric specifications) and speed testing (for 
transient and clock-rate specifications) are usually performed 
on ICs, In d-c- testing binary patterns are applied as inputs 
to the IC under test, and its corresponding steady-state outputs 
are analysed to determine the correct functional behaviour. A-C 
test involves the measurement of actual voltage and current 
levels, whereas speed testing is the same as d-c- testing, but 
performed with inputs switching at or near maximum specified 
speed 

Ideally one should like to perform all the three kinds of 
tests. Thus an 10 tester should test the specified logic at the 
highest rated frequency for the specified noise margin and pro- 
pagation delay, under maximum load conditions, with worst-case 
input and supply voltage levels. 



One of the methods of testing is to apply identical 
pseudo-random binary sequences (PRBS) simultaneously to the 
device under test (DDT) and to a reference units (good replica 
of DDT.) and then, to compare the output sequences generated by 
both of them, any discrepancy is said to constitute an error 
or fault m DUT. This method is essentially restricted to d-o- 
testmg, as the failure limits of the DUT can never be actually 
determined This limitation, coupled with the need of a reference 
device having guaranteed specifications, render this method 
rath or inconvenient . 

The other approach emulates the DDT on a computer. The 
test programs are automatically translated to the appropriate 
input stimuli , and outputs are automatically processed and 
interpreted by the computer Here the speed of testing is 
limited by the processor speed Moreover, emulation of the 
large number of existing IOs is also a difficult task. The 
user has to write a program to emulate the DUT each time he 
wants to test a new device. 

The third method is signature testing. The signature of 
the DUT output, m response to a PRBS input, is compared with 
the already known signature of an identical good device. The 
signature m general can be any function of the output wave- 
form, the simplest choices being 

1) LEVEL signature, given by the duration for which the 

output is at one of the two logic levels m one complete 
test sequence' 
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ii ) TRANSITION signature, given, "by the number of transitions 
that the output makes in one complete tost sequence. 

Such simple signatures are readily detected hy means of 
simple counters. No modelling and associated computer test 
generation and/or emulation are required Hence the DUT can be 
tested at its maximum rate. The reference signature can be 
obtained once for all with a functionally good device tested at 
a lower clock-rate. 

In this project an attempt has been made to build an IC 
tester based on LEVEL signature testing The basic theory 
behind signature testing is discussed m the second chapter. 
Chapter three deals with the adaptation of this theory to pra- 
ctical 10 testing and gives the information about the kind of 
signals generated. Chapters 4,5 and 6 give detailed design of 
the circuitry followed by the specifications, operating instru- 
ctions and possible future development of the instrument m 
Chapter 7. 
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CHAPTER 2 

THEORY OF SIGNATURE TESTING 

Since the burgeoning growth of sophisticated digital systems 
1 the 1960’s, a lot of interest has been created m 
tho subjects of testing, maintenance and reliability of digital 
systems. Several studies have been carried out attempting to 
predict analytically the effectiveness of applying random input 
patterns for fault detection and diagnoses. While such analytic 
predictions have been possible m the oase of combinational cir- 
cuits, the existence of feedback loops and initial states have 
not permitted sequential circuits to be so analysed In principle, 
any combinational circuit can be tested deterministically , with- 
out going for PKBS inputs. We consider the merits and demerits 
Of such a scheme first and then go to the probabilistic or ran- 
dom testing. 

2.1 BINARY WEIGHTED REPETITION METHOD 

Consider a combinational circuit with n inputs. The ' 
problem of fault detection can be looked upon as the problem 
of distinguishing between the true logic function specified for 
the circuit and any of the other possible logic functions of n 
variables as any one of these may be the result of a fault. 
Evidently this distinction will be perceptible, at a given 
output, only for some of the possible input combinations Hence 
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for a general-purpose test system, where the true logic as 
well as the fault logic he any two of all possible logic 

functions of the circuit under test, one must evolve a scheme 
where the selected signature is distinct for every possible 
logic function. 

let us represent each combination of the n input variables 
as an n-dimensional input vector, denoted by is^, ( ,k=0 ,~1 , 

where F = 2 n A logic function is defined by the values (0 or 
1 ) it produces at the output for the F distinct input vectors. 

As such, there are 2^ possible logic functions, implying thereby 
that for every true logic function, there are 2^-1 likely logic 
functions, any one of which can be the result of a fault. Let 
u° denote the logic functions by F , i = 0,1, 2^ \ aid the 

output due to F m response to an input vector A^ by y^ for 
the sake of convenience, let us order the A^’s and -^i' s ln 
following manner. 
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l o the outputs 2 * y x i» y i>0 generated by 

the logic function 1 m response to the N distinct input 
vectors, form an array representing number l m the binary code 
This is illustrated by the truth table given m Table 2 1 1 
for n = 2 

Table 2.1 1 2^ functions for n input variables 


V. Input 

Outpu-fcs\’ veotors 
for differe?H>. 
logic fun- 
etions 

r» — ^ — 

■ 

2 n 

11 (A3) 

— 

10 (A2) 

01 ( A1 ) 

00 (Ao) 

F 

0 

0 

0 

0 f 

0 

P 1 

0 

0 

0 

1 

»2 

0 

0 

1 

0 ; 

J' 

3 

0 

0 

1 

1 

*4 

0 

1 

0 

0 

*5 

0 

1 

0 

1 

f 6 

0 

1 

1 

0 


0 

1 

1 

1 


1 

0 

0 

0 

*9 

1 

0 

0 

1 

P 10 

1 

0 

1 

0 

P 1 1 

1 

0 

1 

1 

f 12 

1 

1 

0 

0 

P 13 

1 

1 

0 

1 

p 14 


1 

1 

0 

- 

s 15 

1 

■ - — - - 

1 

1 

1 
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let us consider a test procedure m which different 
input vectors A Q , A^ , , , A^_.| are applied sequentially, with 

A^. repeated times, and let the signature be defined to be 
the number of steps m the input sequence for which the output 
is at the 1 1 ' level. Then the value of the signature for the 
logic F will be given by 


BT-1 

\ 

k=o 


lk 


m 


k 


( 2 . 1 . 3 ) 


As y k 's are either ’O' or 1 1 ' , all the possible valuesof I ]L 
for a chosen set of m^'s form a set of numbers obtained by all 
possible selective sums of m , . i.e., 


= \ (2.1 .4) 

(y lk =i ) 

e g. for the case n = 2 we get from Table 2.1.1, 1 Q = 0, 

= m , L 2 = m 0 + . In order that any two functions have 

distinct signatures we need 


L. £ L for 3^1 

X J 

1,3 = 0,1,2 . 2 1 *- 1 (2.1.5) 

It is well known that the binary weighted scheme i.e. 




a 


satisfies 2.1 ,5 f hence this choice can he adopted for determini- 
stic signature method. We call this method the Binary Weighted 
Repetition (BWR.) method. 

The total number of input steps needed for one such complete 
test cycle is given by 

N-1 

^ T = 2 N _1 (2.1.7) 

Table 2.1.2 gives the time required for one complete test 
cycle for different values of n The input vectors are applied 
at the rate of 10 MHz 

Table 2 1.2 Time for one test cycle 


i n 

N 

T 

time @ 10 MHz 

2 

4 

15 

1.5 J-tsec 

3 

8 

255 

25.5 >tsec 

4 

16 

65535 

6.5535 msec 

5 

32 

4.3xl0 9 

430 seconds 

6 

64 

1 . 8 xl 0 19 

6 x 1 0 ^ years 


One can readily see that this method of testing is quite 
impracticable beyond 5 input variables. Sven -with 5 inputs one 
needs quite a long time (>7 minutes) and a 32 bit counter to 
obtain the level signature. Thus deterministic testing of 






combinational circuits is really possible for only upto 4 
input s . 


2.2 PROBABILISTIC TESTING METHODS 


Let us again consider an n-mput combinational circuit, but 
now with n random inputs The level signature would now become, 
the probability of getting a * 1 * at the output And the level 
probability signature is given by 



y ik p k 


( 2 . 2 . 1 ) 


where p^ is the probability that an input vector would be 
This expression is similar to the eqn. 2,1.3 with replaced 
by the probability p^. The same binary wexghtage should, there- 
fore, now bo applied to the probabilities, and as 


N-1 

X 1 

k=0 

we have 

N-1 

% = 2 V X = 2 k /(2 K -D ( 2 . 2 . 2) 

k=0 

A suitable PRBS test sequence for the input vectors has to be 
selected to satisfy eqn, 2,2 2. f in order to design a testing 
scheme which will ensure distinct values of the level probability 
signature L i for different fault modes. Eor such a scheme, the 
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values of 1 ' s can be determined using eqns. 2 , 1 . 2 , 2 , 2.1 and 

2 2 . 2 . 


L i = 2^ 1 = °’ 1 » **• 2N “ 1 (2.2,3) 

w 

Thus 2 different values exists for the level probability 
signature L corresponding to 2 ^ logic functions, 

McCluskey £) 1 3 has shown that eqn. 2.2 2 is satisfied, if the 
probability of the ith individual input to be a T 1 ’ is given by 


a 


3 


1 



3-0,1, 


(2.2.4) 


A simple proof of this result is given m Appendix I. 
Table 2.2 1 gives the values of a for a few values of 3 

v 


Table 2.2.1 Values of 


3 

1 

7 

1 

CM ' 

1 

3 

4 

— — -1 

5 

a j 

1/3 

1/5 

1/17 

1/129 

1/66537 


A glance at this table is sufficient to indicate the 
impracticability of realising a PRBS with such values of a . 

U 

IjosqC2‘3 has proposed an alternative scheme using equal 
probabilities for all individual values, i.c,, 


a cs a for all 3 
J 


(2.2.5) 
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Under this simple condition, the probability for an input 
vector is given by 

p k *= a 1 (1-a) n ” 1 1 = 0. n 

k = 0 ... IT-1 (2 2.6) 


where 1 is the number of M's m the binary representation of k. 
Let the input vectors having a particular value of 1, be said 
to constitute an input vector group, An input vector group for 
a given value of 1 consists of input vectors with the same 

value of p^. The number of distinct expressions for p k thus 
reduces from 2 n to n+1, the possible values of 1 being 0,1,,.. n. 
However eventhough p k is n different function of ’a' for 
different values of 1 resulting values of p k may not all be 
distinct. 


The following analysis shows, the test length T increases 
very fast as n increases, if one has to ensure that all logic 
functions distinguishable by equal-probability testing actually 
have distinct values of the signature. 

In general, 'a 1 can be expressed as the ratio of two 
relatively prime integers. 


a = r/s 


(2. 2.7) 


where r and s are integers and r <s. Then 

n-1 


Pk 


J ISriEl 


n 


( 2 . 2 . 8 ) 
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■where has 1 M’s and n~l ’ O’s 

This can he realized only if each input vector Ay. is repeated 
times in a test cycle, where 

m 1 = r L ( s -r) n “ 1 (2 2.9) 

and the test length is given hy 

T = s n (2,2.10) 

For the simplest case a = this gives 

- 1 and T = 2 n 
and for a = 2/3 gives 

= 2^ and T = 2 n 

Thus a = 2/3 corresponds to the binary weighted equal probabi- 
lit l es. 

The upper hound of distinguishable logic functions 
is given by the number M of distinct values taken hy all 
possible selective sums of m-^ As each can he repeated upto 
Qn times m such a selective sum, there are 11 0-. + 1 ways of 
choosing terms from an input vector group 1. M can, therefore, 
be expressed as a continued product as follows * 

M = TT l) (2.2.11) 

1=0 

Let us next determine the minimum value of s required so as to 


make M realisable 
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The problem is to ensure that a combination of the form 
u + v m^ , does not have the same numerical value for two 
sets of choices of u for a given choice of 1 and 3 , i.e. 


u 1 m 1 + v 1 m 1+ ^ ^ u 2 + v 2 (2.2.12) 

■where u 2 ^ u^ and v 2 £ 

This implies that 



Using eqn. 2 2.9 this can be written as 


(2.2.13) 


„ _ u, - 

(_£_)3 1 

v s-r" p v 2 ~ v-j 


(2.2.14) 


Inequality 2.2.14 can be ensured for arbitrary values of 3 , 
u.j , u 2 , and v 2> if 

(-£-)* 1 > n C, - (2.2.15) 


s~r 


max 


the + sign corresponding to the two complementary situations 
a 7> jg (r> s-r) and a 0 % (r <) s-r) respectively Let us 
without lops of generality, choose a > jg* Then we have 


s, 

r 


> 1 + “Gi 


max 


The choice r = 1 leads to the minimum test length 


(2.2.16) 


T 

min 


(2 + n c 1 ) n , 

x ma,x 


(2 2.17) 
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Corresponding to a probability 


o 

2 + 

nax 

The required values of are given by eqn. 2,2,9 as 

m = (2 + n C 1 ) n ‘ 1 

nax 

The Table 2.2,2 gives the values of T,M and required 
different values of n. 


(2 2.18) 


(2 2 19) 


1 a' for 


Table 2.2.2 Values of I and M for different n 


n 

T - 2^ 

1 BWRS “ 

T 

M 

a 

2 

16 

12 

16 

3/4 

4 , 

2 16 

700 

2 12 

7/8 

6 

a 64 

10 6 

I.IxlO 8 

21/22 

8 

2 256 

4.4xl0 12 

7.2x10 14 

71/72 


Prom this table it can be readily seen that it is not pra- 
cticable to generate equal probability sequences, -which would 
distinguish all possible distinguishable logic functions for 
n > 6. 

losq C21 has derived the following expression for the proba 
bility p for a faulty device to be accepted or for a good device 
be rejected 
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where 



L - .5 o 

exp (-(-i-n— ) ) 


/ 2 1T0 


0~ is variance given by 


( 2 . 2 , 20 ) 


CT = (a 2 + (1- a 2 )) n /4, 

and the other symbols have the same interpretation as before. 

It may be noted that the choice given by eqn. 2.2.9 is not 
m any way unique Other choices of may also lead to meaning- 
ful testing schemes, e.g, the choice 

m k = k + 1 (2.2.21) 

is capable of distinguishing i IT (¥+1) different functions, with 
a test length of ^ N (U+1 ) 
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GENERAL SYSTEM CONSIDERATION 

In this project test methods are developed for 16-pin IDs. 
However the same principle, with a little modification, could 
he extended for larger IOs like any digital circuit, an IC 
can he a combinational circuit or a sequential circuit, leading 
to different input requirements The first section of this 
chapter discusses the test patterns used for combinational 
circuits, followed by the input requirements of sequential 
circuits. In order to develop a general test procedure for all 
16-pin ICs, the input requirements of various ICs have been ta- 
bulated. The next section describes a typical test cycle for 
any IC and the chapter is concluded with the system block 
diagram. 

3.1 TEST PATTERNS FOR COMBINATIONAL CIRCUITS 

The two possibilities of test patterns discussed m the 
previous chapter are 

I) BWRS , 

II ) Equal probability PRBS 

As pointed out m Section 2 1 , MRS is impracticable for 

number of inputs n 4 For n = 4 a BWRS test pattern distmgui- 

1 6 

sher between 2 different logic functions. Even if these four 
outputs of BWRS are repeated, the complete test cycle would still 



"1 6 

distinguish 2 different functions, as there would he 16 
distinct input vectors repeated in the fashion 1,2,4, . . 2^. 
However, the four outputs of BMRS would not cover all possible 
input vectors for n 4 The other limitation of BtTRS is that 
all its outputs do not switch at the same rate, as can he seen 
from the example given below for 2 -bit MRS 

0001 11111111111 
011000011111111 

To overcome these limitations we use equal-probability 
PRBS As shown m Section 2.2, it is also impracticable to 
generate these sequences for n)> 6, if we would like to distin- 
guish all possible distinguishable functions using a value 
of 'a* given by eqn. 2 2,18. Other choices of ’a’ also make 
hardware realization difficult So that it has been decided, 
for the sake of simplicity, to use PRBS with a = %, which can be 
realized easily using a 16-bit MIS counter 

Thus the test pattern generator (TPG-) operates in two 
phases* The 10 under test is applied BWRS m the first phase 
and PRBS (a = ^ ) m second phase. In order to test any 4- 
mput combinational circuit (which can have 4-mput pins as any 
4-pins of a 16-pm 10) deterministically, the four outputs of 
BWRS A f B,C,D are distributed among 16-pms m such a way that 
that any of the ABCD can be selected at any pin of the IC 
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3.2 INPUT GROUPS FOR SEQUENTIAL CIRCUITS 

Typical inputs to sequential circuits are clock, asynchronous 
inputs, like preset, clear, load etc. and synchronous inputs like 
J,K,D, synchronous clear, synchronous load etc. Some times 
special purpose inputs like clock hurst and up/dn or mode controls 
are also needed. Some of the synchronous inputs can he treated 
in the same way as the inputs to combinational circuits, and the 
outputs of TPG can he applied to them 

Table 3.21 gives the list of signals available for selection 
at each pin, taking into account the possibilities of either posi-. 
tive logic or negative logic for each input As the outputs of 
TPG in phase one are the four outputs of BfRS (A,B,0,D) and 
m phase two they are sixteen outputs of PRBS, the entries 
corresponding to TPG outputs will he m the form BWRS/PRBS. 

Bet A-j,A 2 . .. A 1g he tbs outputs of Asynchronous generator 

(active low) 

, A 2 .... Xjg be the outputs of Asynchronous generator 


(active high) 

K,L, ..... Z be the 16 outputs of PRBS 
A,B,C,D be the 4-outputs of MRS. 


3.3 TYPICAL TEST CYCLE 

The testing is performed m two or three steps, depending 
upon whether IC under test is a combinational circuit or a 
sequential circuit. The first step of testing sequential 
circuits is initialization. 



Table 3.2,1 Pm numbers and signals available for selection 


Code 


12 3 4 5 6 7 8 9 10 11 12 13 14 15 1 , 







For this code the pm becomes out-put 


r - — ; — — — — — Mode control — — — — 


Clock burst (neg&tive logic) E 


£ — — — Clock burst (positiv e logic) E 



Clock (positive logic) 


3 

C 

Y 

B 

X 

6 

A5 

M 



33 


A 6 |A7 A 8 M 


B 

i 




R ^CBAABODDiC 
° , 7 UT'SWX Y Z N 


ADCBBCDAAD 

WVUTXYZKOF 


BADCCBABBA 

xwTuyzkbpo 


A A B 0 

I. I K OP Q 


0 I B B C D 
I P 3 R 


_D C C D A 
N M 3 R S 









Clock (negative logic) * 


Clock burst P’ (positive logic) 


■ Clock burst E’ (negative logic) 


Not connected — — — 1 


— > VCC/gnd — — ^ 



See Sec 
3 4 


See Sec, 
3.4 
















































































As the level signature obtained would depend very much on 
the initial state of the sequential circuit, we would like to 
start with the same initial state each time we test the identical 
circuit. Initialization is achieved by making use of preset, 
clear, load or mode control, inputs of the IC, whichever is 
available. In this step, which is performed m the beginning 
of each test cycle, each such pin gets active input (high or 
low) m turn. The km which gets the last active input deter- 
mines the initial state of the IC under test during this step 
logic inputs from TPG are kept low and M's are not counted. 

The following two steps are common to both combinational 
and sequential circuits. The IC under test is fed the appro- 
priate input sequences selected by the user from Table 3.2.1, 
and number of ones are counted for each .iin The last step m 
the tinwise comparison of the count so obtained with the 
number of ones, obtained previously with good device of iden- 
tical kind. 

3.4 SYSTEM BLOCK DIAGRAM 

The system block diagram is shown in Fig 3.1. The 
clock generator and speed selector generates and selects the 
frequency at which testing is performed (called test frequency) 
Pressing a start switch initiates the testing The control 
circuit py gives the clear and load signals to various other 
circuits. It also gives control signals to help the initializa- 
tion of sequential circuits. It incorporates the facility of 
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testing either with a single-step or automatically -with 16-step 
sequence IPG generates two phase test sequences as discussed 
in Section 3.1 As y generates the signals, to be selected 

for Asynchronous preset, clear, load etc. inputs It can also 
be used for synchronous load, clear, mode control etc Clock 
burst generates four clock buAtSj Uwo with in active high level 
and two with inactive low level, (positive logic and negative 
logic) when one clock burst output is giving clock bursts the 
other remains at its inactive level and vice-versa. This cir- 
cuit also generates mode control signal which goes high and low 
periodically, with period of 16 clock pulses. 

Signal selector selects the input patterns from among 
16 input choices available described in Table 3.2.1, depending 
upon the 4-bit address given for a particular pin. These 
addresses for all 16 pins are stored in 4 16-bit shift registers. 
These addresses are decoded to get the information whether a 
pin is input, output, V^Q^gnd. or Not Connected (NO). 

The signal conditioner translates the TTL levels to worst 

are 

case input levels* The outputs of the I Carload ed according to 
the user choice and they are tested for bad levels, and one 
level is gated to the counter to obtain the level signature. At 
the end of test cycle the counter outputs are transferred to a 
shift register and the counter is cleared. The contents of the 
shift register are displayed for comparison with the previously 
obtained count for the particular pin number, which is also 
displayed. 


CHAPTER 4 

TEST SIGNAL GENERATOR AND CONTROL 

This chapter deals with the design of the circuit needed for 
generation of the various test signals as well as for the control 
functions The block diagram., the detailed circuit diagram, the 
actual 10 lay out on the PCB, are given m Pigs. 4.1, 4.2 and 4.3 
respectively, 

4.1 CLOCK GENERATOR AND SPEED SELECTOR 

Sequential circuits have asynchronous inputs e.g. PRESET, 
CLEAR., MODE, etc,, which must he held at the inactive level 
during the active edge of the clock. As the clock may either 
have positive logic or negative logic, the test pattern must 
ensure that the transitions in all the asynchronous inputs take 
place m between consecutive clock edges. This necessarily 
implies that the system clock must be chosen to have twice the 
frequency of the clock to the IC under test. Different logic 
families require different test frequencies, e g. , the maximum 
prescribed clock-rates for standard TTL family range from 20 to 
50 MHz, while OMOS 10* s can have clock-rates from 500 KHz to 
5 MHz. Accordingly four choices have been allowed for test 
frequencies: 10 MHz, 5 MHz, 1 MHz, and 500 KHz Correspondingly 
we need 20 MHz, 10 MHz and 1 MHz as the system clock frequencies, 
The system clock is generated using a 20 MHz orystal 
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oscillator (G^) and frequency dividers CTR^ ) as shown 

in the circuit diagram The system clock (SCK) and the test 
clock (TGK) are selected by a dual 4 to 1 multiplexer ( uxl ) 
from these two sets of four frequencies each. 

4.2 TEST PATTERN GENERATOR (TPG) 

As explained m Chapter 3, there are two phases of testing, 
the outputs of the TPG being those of the 4-bit MRS generator, 
ill the first phase and those of the 16-bit PRBS generator m 
the second phase. The three circuit blocks generating the 
test patterns are discussed below 

4.2,1 BWRS General or 

The MR sequence, as dictated by eqn. 2 1,6, will have to 
consist of vectors having magnitudes 0,1,2, ... 15 repeated 
2°, 2 } , ... 2^ times respectively This can be implemented m 
a number of different ways, the chosen scheme generates the kth 
vector 2 k times consecutively , starting with k =0 and incrementing 
k after every set of 2 k tlook pulses. While any scheme of realisa- 
tion would be equally applicable to combinational circuits, the 
chosen scheme permits the testing of sequential circuits in a 
properly cycled fashion. 

The 16-bit down counter (CTR 2 _ 5 ) is preset with the 16- 
outputs of the shift register (SR 1-4 ), which is preloaded with 
the bit sequence 000 . 1 at the beginning of each test cycle. 

The Ripple Carry of the down counter is the right shift clock 
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of the shift register, so that the magnitude of its contents 
hecomes doubled every time the down counter reaches the aero 
count., and the down counter is also preset with this new value. 

In this manner the 16-bit down counter generates Ripple Garry 
output at the intervals of 2°, 2 1 , . 2 k . „ a* 1 " 1 clock pulses. 

The 4 -bit BWRS outputs are generated by • the 4 outputs of a 
binary counter (OTRg) clocked by this Ripple Garry 

4.2.2 PRBS Generator 

This is a simple 16-bit MLS counter (CTRy ) the feedback 
stages being 1,3, 12 and 16. 

4 2.3 Pattern multiplexers 

The 16 outputs of the PRBS generator and the 4-outputs of 
the BWRS generator are given to 16 2-to-l multiplexers. (MUX 2 __^), 
which are controlled by the ' 0 control' output of the control 
circuit. 

4.3 ASYNCHRONOUS SIGNAL GENERATOR (ASG) 

The requirement of the ASYNCHRONOUS inputs to any sequential 
circuit are (i) they should not become active too often, m order 
to allow the sequential circuit to complete lbs cycle length 
(n) no two of them should become active simultaneously as within 
the same chip there could be RESET as well as OLEAR (in) its 
transition edges should not coincide with that of the CLOCK (TOK) 
(iv) the choice should be given to change the transition edges 
of these signals while CLOCK is either at LOW or HIGH level. 





In order to realize this the transition edges of ASG outputs 
are placed exactly in the middle of the two edges of the TCK using 
a J-K flip-flop (IT 5 ) with J = TCK or TCK and CK = SOI, K = 1 
Ihe output of this flip-flops has its transition edges in between 
the two edges of TCK, and its positive edge occur while TCK is 
high if J = TCK This selection of J is done using an EXCLUSIVE 
or gate (G-4) and control bit 4 

The output of flip-flop (EF^) is fed as clock bo a binary 
counter (CTRy), The Max-Min of this counter would occur after 
16 clock periods and its transition edges would be placed as 
desired This is shown m the waveforms given in the Eig, 4.3. 

This Max/Mm is given to the inputs of 16 2- input HAND gates 

Gr 

( 5-20) The other inputs of these MAWD gates are the outputs 

of a 16 -bit ring counter (5R^_ g ) preloaded with 000 . . 1. The 
right shift clock of this ring counter is the same Max/Mm output 
So that the outputs of NAMD gates will go LOW after 256 TCK pulses 
for the duration of the Max/Mm, These outputs are denoted by 
iLjjilgi are active low denoted by A-j , ... A^g and are 

also made available G 2 i _36 are denoted by XpAy* •• Xjg 

and are active HIGH type. 

The D output of the counter (CTRy) discussed above is given 
to a loggel flip-flop (FPg). Thus the outputs of this flip-flop 
would remain HIGH or LOW for 16 TCK pulses and its transition 
edges would also be placed between the edges of TCK. This output 
is used as the Mode Control. 



4.4 CLOCK BURSTS 


Certain counters and shift registers have two CLOCK 
inputs only one of which is pulsed at a time with other remaining 
at its inactive level. While MOLE control is changing its level 
Tooth of the CLOCK inputs must remain at their inactive levels. 

The Mode Control Signal discussed above is used to generate 
two pairs of clock bursts, to be used for two clock in an IC 
under test, one pair for negative - logic and the other tor posi- 
tive logic. It is very easy to see that mode TCK and Mode TCK 
give negative-logic Clock Bursts and Mode + TCK and Mode + TCK 
give positive-logic Clock Bursts. C G ‘ 37 _ 40 ^ 

The four Clock Bursts and Mode Control are buffered and taken 
out (&4-)_45)« 

4.5 CONTROL CIRCUIT 

The control circuit has to perform the following tasks. 

(i) When power is switched ON the system should get reset auto- 
matically, (ii) when ’start test signal is given control circuitry 
should initiate the testing and continue till end, (in) when it 
receives 'End test' signal the instrument should be reset again, 
(iv) it should generate the signal which would indicate the 
phase of the test cycle under progress, (v) should generate 
various clearing and loading signals required by the rest of the 


circuitry. 


To perform the above mentioned tasks the control circuit 
has four outputs and four inputs, the inputs being * 

( 1 ) Power ON, reset, ( 11 ) 'Start test' signal, (iii) ’End of 
phase I’ signal, (iv) 'End of phase II' signal, and the outputs 
being, ( 1 ) ’Test ON' output* 0, ( 11 ) clear signal 1; C1R1 , 

(in) Clear signal 2 CLR2, (iv) phase indicator* 0 control. 

As explained m Section 3 3, initialization cycle requires 
that each pin should receive an active Asynchronous signal from 
ASG once, the initialization cycle length would, therefore, be 
256 TCK periods. At the beginning and at the end of this ini- 
tialization cycle (INC) the iSG must be reset, whereas during INC, 
ASG should be enabled. The TPG should be reset at the beginning 
of the INC and it should be enabled only at the beginning of 
the actual test cycle. These requirements lead to the need for 
two different clear signals, one of them (CLRl) being the clear 
signal for the ASG and the other (C1R2) being the clear signal 
for the TPG. 

ThSse two clear signals are generated using flip-flops 
(PP^ 8 ), two binapy counters (CTR Q-g ) and some gates (G 4 g_ 52 ) 

As the transition edges of these clear signals should not 
coincide with that of TCK, the same technique, as discussed in 

Section 4.3 is used. 

As long as ’Start Test’ signal is not given CLR1 and CLR2 
should remain LOW and also various other circuit py must remain 



This is achieved using a WANT Latch (& 5 3 _ 54 ) (output C*) 
which is cleared when power switch is made ON Pressing the 
switch SI causes C* to go high, thus initiating the testing. 

Depending upon which phase of the test cycle is 

going on (0 I or 0 II) an appropriate 'End of phase I/II' 

signal is generated In the ca^e of phase I the ripple carry 

of counter (OTR 6), NAEDET) with the 0 control signal (Gtc jt 7 ) 

flip-flop 

is given to the clock of a Toggol/j(FFg) which is initially 

cleared with C*. And m the case of 0 II the output combina- 

bion of all '1 M s is detected using two 8-input NAND gates 
both the outputs are 

(Cr^g^g) and then/NORED ^ ^”60 ^ outuut of the NOR gate is 
fed to J input J-K flip-flop (FF l0 ) with clc = TCK Both the 
end of phase signals of AIDED with 0* (Gg-j ) generates the 
'End -Test Cycle' which is a negative going edge. This is 
used to trigger a monostable (mono 1) The output of mono 1 is 
utilized to trnsfer the contents of the '1 M s counter to the 
shift register (To be discus°ed in Chapter 6). It is also 
used to trigger another monostable whose output is used to 
clear the flip-flop (ET^) and , 1 ,, s counter. Mono 2 is also 
triggered when the power is switched on thus resetting the 
circuit. Clearing flip-flop (PF^) again repeats the whole 
cycle. The phase control signal is generated by using flip-flops 
(PF 1U12 ) and a NAND gate (G g2 ) 



CLR2 is given to the J-K flip-flop (PP 15 ), whose output 
goes high at the end of test cycle. This output is given to 
the counter (CTR^q) If CTR 10 is preset with 0000 then the 
Max/Min cwould go HIGH after 32 CLR2 gates or 16 complete test 
cycles, or if CTR 10 is preset with 1111, the Max/Mm would go 
HIGH after one complete test cycle, thus giving the selection 
of single step or 16 steps automatically. The Max/Min of OTR-jq 
is given to a J-K flip-flop (PP^) which is initially cleared 
with C*, the negative edge of Max/Mm causes the output X> of 
(PP 1 J to go LOW. The 3 of PP 14 is given to an AND gate (Ggj) 
causing the HAND latch output C* to go LOW, The NAND latch is 
cleared when power is switched on as the other input of the 
AND gate (^ 53 ) 1S connected to Vqq through a resistor and to the 
gnd through capaoitor. Once 0* goes LOW unless switch is 
pressed the next cycle will not begin. 

4.6 DELAY COMPENSATION 

The circuits used to generate different test signals uses 
counters, flip-flops, gates etc. which have different propagation 
delays, the overall delay, from the active edge of SGK to the 
final output transitions will be the sum of all individual delays. 
Moreover, different circuits will have different overall delays. 

In some cases the delay exceeds 50 nsec If we use a system clock 
frequency of 20 MHz, the various edge relationships assumed in the 
design would be highly disturbed and may not even remain valid. 



The delays of the different propagation channels have 
therefore been partially compensates by feeding variously 
delayed SOK and TCK pulses to different clock inputs of the TPG- 
and ASG- While these clocks are fed undelayed to the control 
circuit (as it has maximum delay) In order to take this deli- 
berately increased delays into account, the clock to the IC 
under test is also a delayed version of ICIi 




Pig. 4.1 Block diagram of control cuvi signed tercet, on OY -cuits 








































FIG NO 4-3 I C LAYOUT ON PC B 


































CHAPTER 5 


INPUT SIGNAL SELECTION 

This chapter deals with the design of the circuit needed for 
pm data storage, data loading, signal multiplexers and decoders 
for controlling various switches like input, output, V G0 or 
gnd switches. The block diagram, detailed circuit diagram and 
actual IC layout on the PCB are given in Pig 5.1, 5 2, 5 3 
respectiv ely. 

5.1 PIN DATA REGISTER (PER) AND DATA LOADING CIRCUITRY 

Any pin of an IC can, m general, be classified in any 
of -the four different ways* (i) input, (n) output, (m) 

V gg /GND, and (iv) not connected. We have provided 3 choices of 
test signals, as described m Sec. 5.2. Thus in all 16 different 
possibilities exist for a pin and to specify which of these is 
to be selected for a particular pm, we need a 4-bit code for 
each pm (SR^_ Q ). 

Pin data register 16 bit x 4 bit can store (SR^g) the 
information required for all the 16-pms of an IC under test. 

This information must be loaded into the PDR prior to the testing. 

The four hit code is entered serially by pressing the 
appropriate push button switches (for 'O' or for '1'). The serial 
data is first converted into parallel using three mono stables 
(mono 1-3), a shift register (SRg) and a gate (G^ ) . The outputs 


of SRg are displayed using 4 LEDs At the end of 4th hit, 
pressing the 'Center Data' switch (which triggers a monostahle 
(mono-4), whose output is given to the clock of PER) will load 
the four hits in the PER. 

5 . 2 SIGNAL MULT IPLEXERS 

We need 16-to-1 multiplexer (mux 1-16) corresponding to the 
16 possibilities discussed in Sec 5 1. The details of codes for 
various possibilities have been given in Table 3,2 1, Bach multi- 
plexer receives the 4 -bit address from the PER The strobe of 
these multipliers is given CLR1 , so that they are enabled during 
the INC (initialization cycle) also 

5.3 PIN BECOEERS 

The codes selected for the above mentioned 4 classifications 
of an IC pm are given below. 


output 

13 inputs 

V C0 /GNB 

NO 

0000 

0001-1101 

1110 

1111 


Corresponding to each pm there is an input switch and an 
output switch. A few pins also have V cc and gnd switches. The 
inputs switches are to be switched OPE only if the pin is selected 
aa v cc /GND or as NO, The output switch is to be switched ON 
only, the pin ie' an output. And V ao /GND switch is to be switched 
ON only if the pin is V oc or GND. Then we have 
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INS = input switch control = 

0UTS= output switch oontrol= 

V CGS = INS + Q q 

Gnds = lFS~T~§" 
o 

The sixteen decoders for INPUT switch are 3 -input NAND gates 
(G-g -j rj) The sixteen decoders for OUTPUT switches are 16 4-input 
NOR gates (Ghg..^) and- for V cc /Gnd switches are 3 OR gates for 
V 0G ana 4 NOR gates for Gnd, (G^^g, G^^) 

V CG and G-nd switches are not needed for every pm More- 
over, Vq G and Gnd switches are mutually exclusive for commercial 
16 pin 10s The pins used as Y G0 and Gnd m commercial 10’ s 
(treating a 14-pm IG as an equivalent 16-pm, one with pin 
S and 9 not connected) have been found as follows 

V ca - pin 4,5 or 16 
Gnd - pin 7,6,12 or 13. 



CLR1 







































CHAPTER 6 


I NT ERE ACE CIRCUIT AND SIGNATURE COUNTER 

We discuss in this chapter the circuits involved in the 
application of the actual input signals as well as the checking 
of the actual outputs of the IC under test (ICUT). These cir- 
cuits'consist of the Interface circuit, the output (analog) 
multiplexer, Bad level detector Signature counter and display 
circuit. The block diagram of these circuits and their inter- 
connections is shown in fehe Eig 6 1. 

6.1 INTERFACE CIRCUIT 

An Interface circuit is needed between the outputs of the 
signal multiplexers discussed m Sec. 5 2 (mux 1/73, mux 16/88) 
and the terminals of ICUT to take care of the following reouire- 
ment s • 

i) the same pm can be either input, output, V^/G-nd or NO 
(no connection), 

n ) worst-'-case input levels should be applied, to the ICUT 
input terminals and (m) ICUT outputs are to be loaded according 
to the user's choice. One should be able to set the loading 
conditions for both the output levels (HIGH or DOW) independently 
and with reasonable accuracy, moreover one should be able to 
switch off the loading circuit when the pm is not selected as 
an output . 
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Input Oui put 

switch switch controls 



Pig* 6.1 Block: diagram for signal conditioner 
loading circuitry and signature 
count er 
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Ihfc functional diagram of the interface circuit, used 
with each I OUT pm, meeting these requirements is shown in the 
Pig 6.2. 

Tables 6 1 gives the required switch positions and resulting 
voltages at the IOUT pm for different connections S ^ repre- 

sents the level of the input v applied from the signal multiple- 
xer (S-j^ OPP for LOW input and OF for HIGH input). 

Table 6.1.1 Interface switch positions 


Desired 

connection 

S o 

S IH 

s v 

S G 

a £, . _ 

IL 0N 

S ££ OPP 

HO 

OPE 

OPP 

OPP 

OPP 

- 

open 

output 

OH 

OH 

OPP 

OPP 

- 

v o 

input 

OPP 

OH 

OPP 

OPP 

K * v d3 

Y 1 - V D1 

V C0 

OPP 

OPP 

OH 

OPP 

- 

V A - Y 

4 s 

Gnd 

OPP 

OPP 

OPP 

OH 


v + 

s 


+ V = , as these switches are implemented using transistor® 

s OE sat 

The resistor acts as a current limiter if v_ L is HIGH, S IH 
is kept OH even if the pm is selected as an output, in order to 
provide a pull up in case an open-collector of the ICUT is under 
test The diode D 1 has been added to prevent Hj from loading a 
totem-pole output (as < Vqq). 
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When the pin is connected as an output, the loading levels 
for 'O' and '1' states of the I OUT output are controlled by two 
current sources Iq^ and Iq^. D 2 and are used to make these 
1 o ad ings mutu ally md ep end ent . 

The switches S v and ^ are implemented using a PJTP transi- 
stor and an HPN transistor, respectively The two current 

sources 1^ & 1^^ along with the switches 3^ & 3^ are 
realized using two differential pairs of PUP and 'NPN transistors 
(Qg__? 1 ) respectively Open collector inverter gates ( & '|_-ig) are 
used for switches S^. Analog gates are used for the switch 
S in (AS.j_.jg) as the current required through this switch is not 
high enough to call for a transistor switch. 

As explained m the Sec. 5 3 the V GC and Gnd switches are 
not needed for every pin. The Gad terminal/ the I0UT is above the 
system giound by Y_ , which ranges from .1 to . 3 V. 

Thus when v is LOW the IOUT pin is at , a voltage Vp - Y g =. 

V 1 - - V . With respect to the TTL Gnd, and hence the worst- 

case can be applied by adjusting Yj (Vj = 2 6 Y for = 2.0 Y) 

The two differential pair connection for output loading are 
shown m Fig. 6.3. 

When the ICUT pm is selected as an output, transistors T-j 
and Tj are off and all the current through Rg and flows through 
transistor T 2 and T^ If Y p is low the load current sunk m the 
ICUT terminal is given by * ,, 



if v is high the load current sourced by the ICUT terminal 
is given by 

I OH * ^ V R “ V 3 Y BE^ R 3 (6*1.2) 

I QL an< i I 0H c<an be varied by varying V^ and V^» 

If the pin is not selected as an output, OUTS = HIGH 
(OUTS *0 , obtained using inverters ( G ‘-j7-32^ ^ and ^3 
conduct so as to divert t the current from T^ and 1 ^ which, makes 
them off* V^ is selected somewhere near TT1 threshold* 

( t 1.2 V). 

6,2 ANALOG MULTIPLEXER AND BAD LEVEL DETECTION 

Any TTL output is guaranted to have a minimum value of 
2.4V fo HIGH level, and maximum value of *4 V for low level* 

Any output voltage lying m the range 0.4V - 2.4V is therefore 
considered as bad level for TTL* This has to be detected by 
means of a window comparator. Clearly the hardware will be 
prohibitively expensive if such a fast window comparators is 
us@*for every pm of ICUT. The hard^nare can be considerably 
minimized if we perform bad level detection for one pin of a time. 

This is accomplished using a 16 - to - 1 analog multiplexer. 
Two analog multiplexers (mux^ are used along with a binary 
counter (GTR^) and an inverter (G^), whose outputs are used 



as the addresses of the mux^g* The outputs of the counter 
•will indicate the pm to be selected for bad level detection# 
CTR.J is clocked with the Q output of the flip-flop 
whose output goes high at the end of each test cycle,, 

The output of the analog multiplexer is given to three 
comparators (comp^j) with compansion levels of 1.6V, 2.6V, 

*6V (taking m to account the non zero values of Vg)# 

The comparator comp^, with compansion level 1.6V, serves 
as a high speed buffer with very little loading# The output 
of the other comparators comply coia Pj me interconnected 
using the internal strobing circuit, to produce an output 
BLG which would go LOW if a bad level is detected# But this 
output alone can not be directly utilized for bad level 
dete tion due to following reasons# 

(i) this output will go low, indicating a bad level, during 
the transition period of any IOUT output. 

( 11 ) If the pm is selected as an input the signal levels wmll 
be always bad owmg to the choice of worst-case input levels, 
(lii) As explained earlier the voltage source V^ , through the 
transistor switch Sjjj, acts as the pull up for an open- 
collector IGUT output, so that the HIGH level output of an 
open collector will always be registered as at bad level, 

which is not true. 



To take care of the abovp mentioned situations, the 
final had level indication BLI is generated by means of uhe 
following logic. 

BLI = BLG * TD + OUTM + COMP^OO , 

whore TD is the transition duration, generated by a monostable 
(mono^) triggered with the positive edge of che undelayed 
TCK (2y output of the mux^). 

OUTM =? 1 if the pm under test is an output. 

and 00 =3 1 Indicates open-collector output. 

TD is adjustable over the range 6O-40Onsec» to take care of 
various delays. The signal OUTM is generated using the counter 
( CTR.J ) and a 16-to-l multiplexor (mux^). The inputs to the 
mux^ aro the output switch controls for all 16 pms of the 
I OUT* 

The final OR gate (G 56 ) output is given to the bad level 
latch. Any time tho output of & oes LOW* flap~fl°P CFF-j) 

is set to ' 1 • permanently till the end of the tost cycle. 

6.3 SIGNATURE COUNTER AND DISPLAY 

Tho negative edge of the output of mono^ triggers another 

mono stable (mono 2 ). The output Q mono 2 of this monostable is 
used alongwith the signals comp^ and BLI to generate the clock 
SQOK to the signature counter as follows, 

SOCK « 0^2 f C0MP 1 •Mil. 
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Tho signature counter consists of synchronously cascaded 
counters (CTRg^cj). The 16-bit output of this counter Is transferred 
parallely to a 16-bit shift register (SR^) at the end of each 
phase, clocked by the *5 output of the mono 1/34 (sec 4.5). 

The output of this shift register is also transferred to another 
16 -hit register (SR^_ g ) by the same clock. 

Thus at the end of a complete test cycle SR-j^ will store 
the signature for phase II and SR^g will store the signature 
for phase X. Two D flip-flops (PPg^) are use< ^ store the 
information about the bad levels in a similar manner. 

At the end of each phase of testing the ^ output of mono 
2/34 (see Sec 4.5) clears the signature counter (CTR^^) and 
had level latches. 

Signature for each phase, stored m (SR.^, SR^g) are 
displayed m octal using 12 seven segment displays (Display 
1-12, drives 1-12) the had levels for each phase are also 
displayed using two LEDs. The number of the pin under test is 
also displayed (display 13, driver 13) 

The detailed circuit diagram is shown m Pig. 6,4. 



CHAPTER 7 
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CONCLUSION 

Tho operating instructions and suggestions for possible 
future developments are discussed m this chapter. 

7.1 OP SHAT INC INSTRUCTIONS 

Tho test procedure for an IC with unknown signature 
consists of the following stops. 

1. Select the code for each pm, 

2. Load the codes, starting with pin 16 and proceeding down 
to pin 1, by first encoring the code through the binary switches 
marked 'O' and 1 1* and then by pressing tho 'Enter Code' push 
button switch. 

3. Set the test clock frequency. 

4 Specify O.C. or totempole output 

5. Choose tho value of transition delay 

6. Select the load levels 

7. Obtain two level signatures for each pin one at a time 

for guaranteed specimen of ICUT, by pressing the push buoton switch 
marked 'Start Test' and note them down. (This stop is eliminated 
if the signature is known for the same codes as m step (1))* 

8. Obtain the signature for oach pm for ICUT and compare 
with the previously recorded results for guaranteed device. 

9* If ICUT fails the test check tho bad level indicator 
to identify whether tho fault is due to a bad level or a logical 
fault and tost it again with lessor speed and/or lesser load* 

•* 
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7*1*1 Selection of Codes tor Combinational Circuits, 

(1) If I CUT is 14-pm IC* renumber tho pins so that it can 
be treated as 16~pm IC with, pms 8 and 9 not connected 

(ii) Classify each, pm m to four groups (1) output, 

(2) V oc /Gnd (3) NC (4) Input. 

(m) Refer Table 3*2.1 to get the codes for the pins based on 
the above classification. For inputs try to assign tho codes 
to tho inputs of same logic element in such a way that A,B,C,D 
are repeated for least number of times, and K,1 .... Z are 
never repeated. 

(iv) Tabulate the pin numbtr, classification, input signal 
selected and code, starting with pm number 16„ 

This procedure is illustrated m Table 7*1.1 for 4 input 


NMD gate* 
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Table 7*1*1 

Codes and 

Test : 

,r »*»»»■»..*. 



( 14- p: 

Pm 

Pin. 

Input 

Code 

No.., 

Classifies, 

tion Selected 

16 

Vnr, 

00 

- 

1111 

15 

Input 

A/S 

1010 

14 

Input 

B/P 

1000 

13 

K.O 

- 

1110 

12 

Input 

C/M 

1010 

11 

Input 

D/N 

1010 

10 

Output 


0000 

9 

N.C. 

- 

1110 

8 

N.G. 

- 

1110 

7 

Gnd 

- 

1111 

6 

Output 

- 

0000 

5 

Input 

A/W 

1000 

4 

Input 

B/T 

1001 

3 

N.C* 

- 

1110 

2 

Input 

c/u 

1000 

1 

Input 

D/V 

1000 


h**«*A*, -«* Wluanu Ir* jfK .j i ai U Bi Hn ji K li i Qr i— i I 

Gount Count 
Phas e _I P ho.sc II 


*< / >* 


7.1,2 Selection of Codes for SoQ.uonti.s.1 Circuits* 

Here the inpub pins are to l3 e classified further m to 

following group s* 

(i) Clock +ve logic (11) Clock -ve logic. 
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(m) Asynchronous inputs with active low 

(iv) Asynchronous inputs with active high 

(v) Mode control inputs 

(vx) If the chip has two clock inputs they should he given clock 

hursts. Classify here again for +ve logic and negative logic. 

(vii) Finally synchronous incuts like J,K,D,T, data inputs etc* are 
to he treated as inputs for combinational circuits* 

After classifying the pins write pin numbers and codes m 
a tahulor fashion, in the samo way as table 7.1.1. 

The procedure for code selection for sequential circuit 
is illustrated in Table 7.1*2 for the counter 74191. 
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Table 7.1*2 Codes and Test Results ox 74191 Counter 


Pm 

No. 

Pm 

Classification 

Input 

Selected 

Code 

Count 

Phase 

16 

v oc 


1111 


15 

Input 

A/S 

1010 


14 

Clock +ve < 

Dk +ve 

0100 


13 

Output 


0000 


12 

Output 

- 

0000 


11 

Asy active low 

A 15 

0110 


10 

Input 

b/p 

0101 


9 

Input 

C/Q 

0101 


8 

Gnd 

mm 

1111 


7 

Output 

mm 

0000 


6 

Output 

mm 

0000 


5 

mode control 

mode 

0001 


4 

As y active high A Q 

0111 


3 

Output 

- 

0000 


2 

Output 

- 

0000 



Input 

D/N 

1000 



Coun b 
phase II 


7*2 SUGGESTED FUTURE DEVELOPMENT 

The test procedure is lengthy , and there are many chances 

of making errors. Thus some form of automation is noodod. 




h 



56 


This can bo achieved using a micro computor. 

Data for some v-cry common IOs can bo stored xn EPROMS* 
and for testing one needs to feed only ohe type number of the 
I0UT, which can bo appropriately decoded, and corresponding 
codes and signatures can bo fetched. Testing for all the pins 
can be performed m a continuous manner. The output of the 
mono 2/34 can bo used to interrupt the micro computer and the 
signature counter outputs can bo stored in the RAM hy the computer 
and then compared automatically with the known signatures resi- 
ding in tho memory. Load conditions, speed selection, etc* can 
bo cither programmed or sot manually. 
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If a^’s are the probabilities that 3 ^ input would be 
1 , then the probability that an input vector would be A^. is 
given by 



n ~1 


TT 

3-1 



(A.1) 


using eqn. 2 . 2 . 5 . where f 

3 

fa a If 1 c. el 
3 3 3 

f, * (1 “ a.) if k » 0 
3 3 3 

Thus for k * 0 


is defined as follows 

(A. 2) 


P 0 = (1-^oHl-ap (1 -a nM ) (A.3) 

if k= 2 3 

P 2 J * (1 -a o )(1 - ap ... (1 - a 3H )a 3 (1 - a J+ ,)(1 - a n , 

(A.4) 

using the eq.ns (A. 3 ) and (A.4) and eq.n. (2.2.2) 

1 

we get *= ^ 3 * 0 , 1 ..... n - 1 (A.5) 

2 2 + 1 

to show that this solution for a indeed satisfies ( 2 * 2 . 2 )# 

3 

we expand k in terms of its binary representation. 


n - 1 


X ^ 


3*o 


k 


(A. 6) 



using 


* * 


thus 


5 <* 


eqns, A.1, A. 2, A. 5, and A.6 we have 


2^ v 

2r ( i - k 



(A.7) 


0 — 0 


n - 1 /)3 

"If ( 2 +D 
J = o 

TT (2 3 - (i -k )) 
2 D=0 3 


2 N - 1 - k 

,,| i H rf (A# 8) 

2 N - 1 

t for thy complementary situation f 




££-■ 




,9+a- ^ 


